
I 

National Zeronautics and Space Administration 
Godderd Space F l i g h t  Center 

Contract No, NAS-5-2078 

ST-AI- 10 097 

X 

, 
SPACE T m  DISTRIBUTION OF TKE SPORADIC E,-LAYER 

AT HIGH LATITUDES 

by 
E. V. Sukhorukova 

F( 
0 
9 (ACCESSION NUMBER) 

7 
(PAGES)/ 

2 Y - 2 (NASA CR OR TMX OR AD NUMBER) 
n 

(CATEGORY) 

CONSULTANTS AND DESIGNEW 9 INC 
Arlington Virgiiia 

January 1964 



DRAFT TRANSLATIOM 
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ABSTRACT 

L 
by E. V. Sukhorukova 

T h i s  paper cons iders  the s imultanous apperance of E,-layer 
over  two groups of h igh - l a t i t ude  s t a t i o n s .  One group is s i t u a t e d  i n  
the  E a s t e r n  Heraisghere, t h e  o t h e r  .- i n  t h e  Western Hemisphere. The 
p r o b a b i l i t y  of simultaneous observa t ion  of t h e  Es-layer is 60 much 
t h e  h i g h e r  t h a t  t h e  s t a t i o n s s a r e  n e a r e r  one another  in terms of geo- 
magnetic l a t i t u d e  The sporadic  E,-layers eppear s imultaneously more 
o f t e n  above a 'surface of N 300 + 400 thousand 
is observed between t h e  presence of g r e a t  c r i t i c a l  f requencies  of E, 
and t h e  r ise  of H 

km2. A dependence 

from 200 + 300 y . dT WO@ 
* * *  

The p e c u l i a r i t i e s  of t he  space-time d i s t r i b u t i o n  of t he  E,- 
l a y e r ,  considered in t h e  cu r ren t  paper ,  concern two groups of s t a t i o n s :  
I n  the  E a s t e r n  Hemisphere, LO s t a t i o n s  are involved,  namely Inverness  
(CP = 60,6"), Kiruna (4 = 65,3"),Murnansk (0 = @,lo), Luleo (0 = 63,0°), Lukzele 

(@ 62,7"), Nurmiyarvi (4 = 57,9"), Sodankya  (Q, = 63,8'); Tikhaga 
(Q, = 71,2'), Tromse (CP = 67, lo), Upsala (@ =3,6"), . All these 

s t a t i o m  a r e  s i t u a t e d  i n  t h e  l a t i t u d e  b e l t  from 57 t o  70°N, compa- 
r a t i v e l y  c l o s e  t o  one another ,  and minly around t h e  aurora  zone. 

* PIK~STRANSTVEBPJOI~E~NNOPE RASPFBDELENIYE SPORADICHESHOGO SLOYA 
V VYSOKIKH SIIIRPTAKH. 
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I n  t h e  Western Hemisphere t h a  data  of e t a t i o n s  s i t u a t e d  i n  
the  80- 90°N l a t i t u d e  ranp;e snd i n  Northern Canada - from 68 t o  75ON: 
Alert (CD = 85,6 j Baker Lake (4, 73,8"), Churchi l l  (@ = 68,7"), Clyde 
River (CD = 82,2"), Eureka (@ = 8Y,U"), F l e t c h e r  (0 = 82,7"), Godhaqn 
(Q, = 79,8"), Resolute Bay (6 = 86,3"), Thule (@-= 88,1'). The par t ieu-  
l a r i t y  of t h i s  group of s t a t i o n s  is t h a t  they a r e  disposed exc lus ive ly  
t o  the  nor th  of t h e  aurora zone t o  t he  geomagnetic pole.4 and they cha- 
r a c t e r i z e  t h e  condi t ions  i n s i d e  the  polar cap. It m u s t  be noted tha t  

these  s t a t i o n s  are s i t u a t e d  as c lose  toge the r  and t o  One another as is 
the  case f o r  t he  Eas te rn  Hemisphere. 

The bas i c  material f o r  processing cons is ted  i n  monthly tables 
of E,-layer c r i t i c a l  f requencies  f o r  all the ind ica t ed  s t a t i o n s ,  Consi- 
dered were the  hourly values f o r  July, September, December 1957 and f o r  
March, June, September and December 1.958. The data f o r  every hour were 
reduced t o  universal. time, which allowed t o  s tudy  the  instantaneowr pic- 
t u re  of sporadic  i o n i z a t i o n  d i s t r i b u t i o n ,  

The c r i t " ica l  f reouencies  of E, depend on the  t echn ica l  characte- 
r i s t i c s  of the  instrumentat ion u t i l i z e d .  T h i s  dependence h inders  t he  
comparison of data from verioue s t a t i o n s  [l, 23 , However, we have been 
examining the  very f a c t  of E,-layer's ex is tence ,  r a t h e r  than the value 

of the  c r i t i c a l  frequency. The weaker sporadic  i o n i a a t i o n ,  which is not 
de t ec t ab le  by low-power e t a t i o n s ,  can be neglected.  Thtrs i t  may be es t i -  
mated t h a t  no s i g n i f i c a n t  e f f e c t  will be e x t e r t e d  by apparatus '  non- 
uniformity at var ious s t a t i o n s  on t h e  r e s u l t s  obtained, 

It m u s t  be added, t h a t  i n  c e r t a i n  cases  we considered the  month- 
ly t a b l e s  f o r  fdn,- which a l s o  depend on t h e  s t a t i o n s '  apparatus.  But 
s i n c e  t h e  presence of t o t a l  absorpt ion has  a quas i - ident ica l  e f f e c t  kt  

var ious ionospheric  s t a t i o n s  while small i nc reases  of l e a s t  frequency 
of r e f l e c t i o n  can be neglected,  such comparison is poss ib le .  

We shall examine the p r o b a b i l i t y  of simultaneous obeervation 
of t h e  sporadic  l a y e r  a t  var ious s t a t i o n s ,  Such quant i ty  is conveniently 
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ca lcu l8 t ed  r e l a t i v e  t o  the  s t a t i o n s  d e t e c t i n g  t h e  greatest frequency 
of  E,-layer appearance. A l l  t h e  s t a t i o n s  s i t u a t e d  i n  the  aurora zone 
s a t i s f y  t h i s  requirement,  For t h e  Eas t e rn  hemisphere we s h a l l  cons ide r  
t h e  coincidence of  E, observa t ions  i n  Murmansk and a t  any o t h e r  s t a t i o n  
s i t u a t e d  t o  t h e  south o r  t o  t h e  nor th  
t h i s  a n a l y s i s ,  t h a t  t h e  p r o b a b i l i t y  
of Es-layer appearance is a n e a r l y  
l i n e a r  func t ion  of t he  d i f f e rence  
A# of  geomagnetic l a t i t u d e s  of t h e  
s t a t i o n  considered and Murmansk, t h e  
s i g n  of A* having t o  be taken i n t o  
account f o r  t h e  obten t ion  of c l e a r  
dependence. As t o  t he  d i f f e rence  i n  
t h e  geographic long i tude  d i s t a n c e s ,  
i t  i e  manifest  t o  a considerably 

t a t i o n  data are 
p l o t t e d  i n  F ig ,  1. The p r o b a b i l i t y  
of coinsidence i s  i n  t h e  o r d i n a t e ,  
and t h e  geomagnetic l a t i t u d e  d i f -  

ference A* is plotted i n  absc issa .  

Examination of t h e  graphs for 

of t h a t  c i t y .  It follows from 

Fig. lo-, The c a p i t a l  let,terB 
r e f e r  t o  t h e  var ious  s t a t i o n s  
of both,  t h e  Eas t e rn  and the  
Western Hemisphere enumerated 
e a r l i e r  i n  the text .  

var ious  months shows t h a t  they  
a r e  q u i t e  similar. T h e i r  c h a r a c t e r i s t i c  p e c u l i a r i t y  c o n s i s t 8  i n  t h a t  
t he  p o i n t s  f o r  var ious  s t a t i o n s  a r e  disposed almost along s t r a i g b t  
l i n e s .  The drop i n  t h e  d i r e c t i o n  toward t h e  no r th  fe s lower  than t o  
t h e  south.  One s t a t i o n s  - Upsala- c o n s i t u t e s  an except ion,  r e v e a l i n g  
an unusual ly  high percentage of spo rad ic  l a y e r s .  It is probably l i n k e d  
w i t h  t h e  g r e a t  d i f f e rence  i n  the  emit ted power between Upsala and t he  

o t h e r  s t a t i o n s  . 
It i s  i r t e r e s t i n g  t o  s t r e s s ,  t h a t  the  Inverness  d a t a  a r e  com- 

p l y i n g  w i t h  t h e  law of l i n e a r  decrease i n  t h e  p r o b a b i l i t y  of simdta- 
neous observa t ion  of t he  E, - l aye r ,  al though t h i s  s t a t i o n  is not  
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i n  longi tude  from t h e  r e s t  of the  group. It may be seen from the  

graph,  t h a t  a t  A 0  < 3" , the  p r o b a b i l i t y  of simultanous observat ion 
of the  E,-layer is not l e e s  than 0.6 and o f t en  reaches 0.8 t o  the  
nor th  of the  aurora  aone, For the  same p r o b a b i l i t y  t o  the  south  of 
t he  aurora  zone, A@<$'.  Therefore,  i t  is evident ,  t h a t  t he  epa- ' 

t i a l  d i s t r i b u t i o n  of sporadic  i o n i a a t i o n  is sub jec t  t o  geomagnetic 
cont ro l  . 

A d i r f e r e n t  p a t t e r n  is obtained f o r  the  Western hemisphere, 
It is explained by t h e  geographic p e c u l i a r i t i e s  of t h e  considered 
group of s t a t i o n s .  The p r o b a b i l i t i e s  of simultaneous observat ion of- 

E, 
sesrt t o  aurora  zone and revea le  the  g r e a t e s t  frequency of EB- layer  
appearance. All t he  remaining s t a t i o n s  are s i t u a t e d  f a r t h e r  t o  t h e  

nor th  (Fig.  1). A t  small di f fe rence  i n  geomagnetic l a t i t u d e s  ( A 0  = -11')" 

the  Eame p a t t e r n  is repented i n  regard t o  decrease i n  the  p r o b a b i l i t y  
of simultaneous observat ion of E,, as i n  the  Eas te rn  hemisphere. 

a r e  computed r e l a t i v e  t o  Churchi l l  s t a t i o n ,  which is s i t u a t e d  clo- 

For example, Godhavn, distmt from Churchill by A@ == i l0 ,  
r evea l s  t h e  same p robab i l i t y  of E, observat ion 86 Tikhaya s t a t i o n ,  
s i t u a t e d  at  7.6O t o  t he  north of Murmansk, Then, follow s t a t i o n s  si- 
tua ted  around the  geomagnetic pole.  I n  t h i s  near-polar zone an increa-  
se in t he  p robab i l i t y  of simultaneous E,-layer observat ion i s  noted. 
I n  r e a l i t y ,  apoardic Layers cannot be compared at such d i s t ances ,  and 
the  e f f e c t  of i nc rease  i n  the  p r o b a b i l i t y  a r i s e s  on account of a sha rp  
increase  i n  the  frequency of E,-layer appearance around t h e  geomagne- 
t i c  pole.  The near-polar s t a t i o n  Thule does not always observe t h i s  

e f f e c t .  I n  September and December 1957 the frequency of E, appearance 
a t  t h i s  s t a t i o n  is lower than i n  the  near-polar Zone. I n  the r emdn ing  
p a r t  of t he  graph, a g r e a t  ressemblance is observed f o r  var ious months 
as f o r  the  Eas te rn  hemisphere, and t h e  conclusions de r ives  remain v a l i d .  
Judging from t h e  da ta  of  the Baker Lake s t a t i o n ,  t he  p r o b a b i l i t y  of si- 
multaneous E, oSservation at &@ S so is 3 006. 
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As mag be seen  f rom the preceding examination, the  c l o s e r  is 
the s t a t i o n  by geomagnetic l a t i t u d e ,  the g r e a t e r  is t h e  p robab i l i t y  of 
simultaneous ex is tence  of the sporadic  l a y e r  at these s t a t i o n s .  If we 

analyze t h e  data of s e v e r a l  s t a t i o n s ,  
we may s tudy  the phenomenon over t he  

a rea  encompassed by these  s t a t i o n s ,  
It is d n t e r e s t i n g  to exancine t h i s  

question from the  s t a d p o i n t  of the  

surface over  which t h e  ex is tence  of 
t he  sporadic  l a y e r  is most l i k e l y .  
We s h a l l  determine t o  t ha t  e f f e c t  
the  frequency of simultaneous ob- 

servatLon of E, by var ious  s t a t i o n s .  
The c a l c u l a t i o n  i s  conducted sepa ra t e -  
ly f o r  each month i n  t h e  Eastern and 
Western hemispheres , The r e s u l t s  of 
computations are p l o t t e d  i n  F ig ,  2 ,  

where t h e  numbek n of s t a t i o n s ,  
at which the sporadic  l a y e r  is obser- 
ved simultaneously is i n  t h e  abscissa, 
and the nunber B of cases  of observa- 
t i o n  is in ordina tes .  The poin ts  corres-  
pond t o  t h e  d a t a  f o r  each month (1 - 
July, 2 - September 1957, 3 - Decem- 
be r ,  4 - June, 5 - September, 6 - 
December 1958). Crosses i n d i c a t e  t h e  

P i g ,  2 

d a t a  for t he  t o t a l  absorpt ion,  of which the re  will be question below. 

For  t he  Eas te rn  hemisphere, the simultaneous observat ion of E, 
a t  8 - 9 s t a t i o n s  is j u s t  BS of l i t t l e  p r o b a b i l i t y ,  as i t  fs at 1 - 2; 
for 4-  5 s t a t i o n s  the  simulteneous observat ion of t h e  E,=layer 3.6 the  
most probable,  For a given geographical s i t u a t i o n  of t he  s t a t i o n s ,  t h i s  
correspond6 t o  a su r face  of 300- 400 thousand km2, sub jec t  t o  s i m u l t a -  
neous e f f e c t  of the  agent respons ib le  for t he  Es- layer  appearance. 
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I n  such cat3er f o r  the Western hemisphere, where t h e  considered 
s t a t i o n s  a r e  disposed twice as s c a r c e l y  as i n  t h e  Eas te rn  hemisphere, 
the maximum of frequency of E, observat ion must be f o r  two s t a t i o n s ,  
which a l s o  corresponds t o  a su r face  of -300+ 400 thousand km2 . 

A de t a i l ed  c a l c u l a t i o n  can be e f f e c t e d  f o r  the number of case6 
of t o t d .  absorpt ion B at one, two, t h ree  o r  more s t a t i o n s .  (Crosses 
i n  Fig. 2 ,  the  numbers 1 and 2 r e spec t ive ly  designate  July 1957 and 

September 1957). The following; is obtained : the sma l l e r  is the su r face ,  
at which the  phenomenon is r e g i s t e r e d ,  the  g r e a t e r  is t h e  p r o b a b i l i t y  
of  i ts observation. The t o t a l  absorpt ion is more o f t en  observed a t  one 
s t a t i o n ;  t h i s  proves t h a t  t h e  t o t a l  absorpt ion i e  a smaller-scale  phe- 
nomenon than the  sporadic  Es-layer,b The t o t a l  absorpt ion is a far l e s s  
probable phenomenon than  the  presence of t h e  Es-layer. 

We s h a l l  compare the  observat ions of sporadic  i o n i z a t i o n  Sn 
the  lower ionosphere w i t h  t h e  s t a t e  of the  masnetie f i e l d  a t  Murmansk. 
The i nc rease  i n  t h e  ionizatSon i n  t h e  lower ionosphere lagers may be 

de tec ted  by thPee s i g n s  : the  presence of  E,, the  r ise  of fmin above 
average l e v e l ,  and t h e  t o t a l  radiowave absorpt ion.  

The comparison of increased  i o n i z a t i o n  i n  t h e  lower ionosphere 
l a y e r s  with the magnetic observatory readings w a ~  conducted f o r  se- 
para te  s t a t i o n s  , and i n  p a r t i c u l a r  f o r  Murmansk c3, 43 . It was then  
revealed,  t h a t  f o r  t he  period o f  s o l a r  a c t i v i t y  minimum in t h e  presen- 
ce of b%>4,0 Mc/s, t he  magnetic f i e l d  w a ~  usuallyclisturbed, [&I. 

In consider ing the  s ta te  of i o n i e a t i o n  i n  t h e  lower ionosphere 
on a sur face ,  encompassed by t h e  whole group of s t a t i o n s ,  t he  follow- 
i n g  r u l e s  can be d e r i v e d :  

1. I f  t h e  sporadic  l a y e r  is observed at  all s t a t i o n s ,  its c r i -  
t i c a l  f requencies  reach, only 3 4 4 Mc/s , seldom 5.0 and never more 
than 6.0 o r  more. I n  all t hese  cases ,  t h e  amplitude of t h e  ho r i aon ta l  
component of t he  me.gnetic f i e l d  f a i l e d  t o  exceed 80 + 100 r ,  TbttrJ, I 

f o r  June 1957, t h e  amplitude xa.s H I 100y i n  two out  of 1 4  such cases ,  
w h u e  the  average w a ~  of 5 0 ~ ;  f o r  September 1957, t h e  value was some- 
what g rea t e r .  Two cases  of H inc rease  f r o n  200 t o  - 300y corresponded 
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t o  the  presence of E, c !Es = 7,O Mc/s 

2, I f  i n  the  considered area not only t h e  sporadic  l a y e r ,  bu t  
also the  anomalous absorpt ion is observed, t h e  c r i t i c a l  f requencies  of  

E, 
same t ime,  and i n  r e l a t i b n  t o  the f a c t  as t o  whether t h e  t o t a l  absorp- 
t i o n  will be observed over Murmansk or n o t ,  the value of H w i l l  e i t h e r  be 
high ( sometines 400- 700y) or low, There are some except ions,  bu t  
they a re  seldom encountered. 

reach considerably h i e h e r  va lues  (9 + 10 Mc/s and more). A t  t he  

Therefore ,  two degrees of i o n i s a t i o n  i n t e n s i t y  are encounterea 
i n  t h e  lower ionosphere. One, t h e  lower,  is revealed i n  the obse rvakon  
of small , crit ical-frequency-wise sporadic  l a y e r s  and is not  attendeB 
by v a r i a t i o n s  o f  t h e  magnetic f i e l d ,  The rsecond, h igher  one, is revea- 
l e d  i n  t h e  presence of E, 
absorpt ion a t  some s t a t i o n s ,  and is at tended by amplitude inc rease  of 
t he  ho r i zon ta l  component of t h e  magnetic f i e l d ,  

with great c r i t i c a l  ' frequencies,  in the t o t a l  

Polar Ge ophysic al Ins tit u t  e 
of t h e  Kol' subs id i a ry  

of t h e  USSR Academy of Sc. 
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